Syndecan-4 Is a Receptor for Clathrin-Mediated Endocytosis of Arginine-Rich Cell-Penetrating Peptides.
Arginine-rich cell-penetrating peptides (CPPs) such as Tat and oligoarginine peptides have been widely used as carriers for intracellular delivery of bioactive molecules. Despite accumulating evidence for involvement of endocytosis in the cellular uptake of arginine-rich CPPs, the primary cell-surface receptors for these peptide carriers that would initiate endocytic processes leading to intracellular delivery of bioactive cargoes have remained poorly understood. Our previous attempt to identify membrane receptors for octa-arginine (R8) peptide, one of the representative arginine-rich CPPs, using the photo-cross-linking probe bearing a photoreactive diazirine was not successful due to considerable amounts of cellular proteins nonspecifically bound to the affinity beads. To address this issue, here we developed a photo-cross-linking probe in which a cleavable linker of a diazobenzene moiety was employed to allow selective elution of cross-linked proteins by reducing agent-mediated cleavage. We demonstrated that introduction of the diazobenzene moiety into the photoaffinity probe enables efficient purification of cross-linked proteins with significant reduction of nonspecific binding proteins, leading to successful identification of 17 membrane-associated proteins that would interact with R8 peptide. RNAi-mediated knockdown experiments in combination with the pharmacological inhibitors revealed that, among the proteins identified, syndecan-4, one of the heparan sulfate proteoglycans, is an endogenous membrane-associated receptor for the cellular uptake of R8 peptide via clathrin-mediated endocytosis. This syndecan-4-dependent pathway was also involved in the intracellular delivery of bioactive proteins mediated by R8 peptide. These results reveal that syndecan-4 is a primary cell-surface target for R8 peptide that allows intracellular delivery of bioactive cargo molecules via clathrin-mediated endocytosis.